Background: Induction chemotherapy (IC) in locally advanced squamous cell carcinoma of the head and neck (LA-SCCHN) often compromises compliance with subsequent chemoradiotherapy (CRT), which negatively affects outcomes. Here, we assessed the combination of paclitaxel (PTX), carboplatin (CBDCA), and cetuximab (Cmab) as IC for unresectable LA-SCCHN. Methods: Induction chemotherapy consisted of weekly CBDCA area under the plasma concentration-time curve = 1.5, PTX 80 mg/m 2 and Cmab with an initial dose of 400 mg/m 2 followed by 250 mg/m 2 for 8 weeks. Following IC, CDDP (20 mg/m 2 , 4 days × 3 cycles) and concurrent radiotherapy (70 Gy/35 fr) were started. Primary endpoint was the proportion of CRT completion (%CRT completion). PCE was planned to be deemed effective if the Bayesian posterior probability (PP), defined as the probability that %CRT completion was larger than the threshold value of 65%, exceeded 84%. Results: Thirty-five patients were enrolled. Cases were hypopharynx/oropharynx/ larynx in 17/17/1 patients, all at Stage IV. Of 35 patients, 34 (97%) completed IC and 32 received CRT and met the criteria of full analysis set (FAS). In FAS, the %CRT completion was 96.9%, and PP was 99.9%, exceeding the prespecified boundary of 84%. Mean cumulative dose and relative to dose intensity of CDDP in CRT was 232.5 mg/m 2 and 100%, respectively. Response rate was 88.6% by IC and 93.8% in the CRT phase. Three year overall survival was 83.5%. Main grade 3 toxicities included neutropenia (11.4%) and skin rash (5.7%) during IC; and oral mucositis (31.3%) and neutropenia (12.5%) during CRT. No grade 4 toxicity or treatment-related death was seen.
| BACKGROUND
Head and neck cancers (HNC) are the sixth-most common cancer in the world, and approximately 650 000 new cases are projected annually. 1 An estimated 60% of these patients present with locally advanced disease (stage III/IV). Standard treatment for unresectable locally advanced squamous cell carcinoma of the head and neck (LA-SCCHN) is concurrent chemoradiotherapy (CRT). 2 However, a significant number of cases will recur, particularly those with higher nodal status at presentation, indicating a clear need for further therapeutic intervention in this population. 2, 3 Induction chemotherapy (IC) may improve the prognosis of LA-SCCHN. 4, 5 Several studies have shown that IC consistently results in higher response and exerts a pronounced effect on distant metastases. 6, 7 In several phase III trials, combination of docetaxel, cisplatin (CDDP), and 5-fluorouracil (TPF) improved clinical response and survival compared with CDDP and 5-fluorouracil (PF) alone, and this regimen is now considered the accepted standard of care for IC. [8] [9] [10] [11] However, because no study featured CRT with CDDP in the control arm, the addition of IC (TPF) to CDDP-based CCRT (sequential CRT) has not been shown to be superior to CDDP-based CCRT alone. 8, 9, [12] [13] [14] [15] [16] More importantly, discussion continues over whether sequential CRT can be safely administered and whether its compliance can be assured given the significant toxicities of induction TPF. In TAX 324, 21% of patients (49/255 patients) did not proceed to per-protocol carboplatin (CBDCA) plus RT, 17 while in TAX323, approximately 25% of patients did not complete all cycles of full-dose TPF. Additionally, induction TPF-associated death is reported up to 5%. 18 Since CRT is the definitive standard treatment, an obvious concern is that aggressive treatment, herein induction TPF followed by CRT with CDDP, might not ultimately improve outcomes if the entire treatment, especially the CRT component, cannot be completed.
The combination of paclitaxel (PTX), CBDCA, and cetuximab (Cmab) (PCE) as IC has been tested in phase II trials and used in daily practice with excellent efficacy (overall response rates [ORRs] to the IC ranging between 65% and 97%) and manageable toxicity safety (no deaths occurred during IC). [19] [20] [21] Nevertheless, prospective data on PCE as IC followed by CRT with CDDP as per study design in a heterogeneous population of patients with unresectable LA-SCCHN have yet to appear.
Accordingly, we conducted a phase II study to assess the feasibility-with a primary focus on compliance with CRT-and efficacy of induction PCE for those with highly aggressive disease, which we often experience in daily practice.
| PATIENTS AND METHODS
See Supporting Information for more details.
| Patients
For inclusion, patients were required to meet all of the following criteria: histologically proven squamous cell carcinoma; primary lesion located at the oropharynx, hypopharynx or larynx; and unresectable locally advanced HNC that fulfills at least one of the following conditions: (a) primary lesion or cervical lymph node metastasis invasion to the carotid artery, cranial base, or cervical vertebrae; (b) cervical lymph node metastasis of N2b involving the lower neck (Level IV or supraclavicular lymph node), N2c or N3 (UICC⁄TNM, 7th edition); or (c) T4 primary lesion located at the oropharynx.
| Treatment and assessment
The protocol treatment consisted of IC followed by concurrent CRT, and salvage surgery if applicable. First, patients received IC consisting of CBDCA area under the plasma concentration-time curve (AUC) = 1.5, PTX 80 mg/m 2 and Cmab with an initial dose of 400 mg/m 2 followed by 250 mg/m 2 administered weekly for 8 weeks. If the physician omitted a cytotoxic drug (CBDCA or PTX), they could continue PCE until the number of administrations of cytotoxic drug (either CBDCA or PTX) reached eight, within 10 weeks after the start of IC. Prophylactic use of granulocyte-colony stimulating factor (G-CSF) was permitted if PCE was not given due to neutropenia in the preceding course. Following IC, CDDP and concurrent radiotherapy | 1673 ENOKIDA Et Al.
were started. Chemotherapy consisted of a 2-hour infusion of CDDP at a dose of 20 mg/m 2 /d on days 1-4, repeated three times at 3-week intervals, giving a planned total CDDP dose during CRT of 240 mg/m 2 . Radiation therapy was carried out once daily with 70 Gy/35 fractions over 7 weeks using high-energy photons of 4-10 MV X-rays and intensity-modulated radiotherapy planning, starting on day 1. Objective response was evaluated using the modified RECIST criteria.
| Study design
The study was conducted under a multicenter, prospective, single-arm phase II design to assess the feasibility and efficacy of PCE as IC for unresectable LA-SCCHN. Our primary purpose was to assess whether induction PCE compromises compliance with subsequent CDDP-based CRT. The study protocol was approved by the institutional review board of each participating institution and registered with the UMIN Clinical Trials Registry, number UMIN000014430. Primary endpoint was the proportion of CRT completion (%CRT completion), defined by (a) completion of planned CDDP relative to dose intensity (RDI) ≥80%; and (b) completion of radiotherapy within 2 weeks after the planned completion date.
| Statistical analysis
Our primary aim was to examine whether compliance with CDDP-based CRT is not worse when experimental PCE is given as IC. During planning, we retrospectively collected individual data of 75 patients who had undertaken CDDPbased CRT without any IC at an institution of the first author (National Cancer Center Hospital East), and found that %CRT completion was 81% (see Doc. S1 for background information on the cohort). Accordingly, the threshold and expected values of %CRT completion were set as 65% and 80%, respectively. When Bayesian posterior probability (PP) that %CRT completion exceeds 65% was more than 84%, PCE as IC was planned to be deemed effective, or otherwise ineffective. Using the weakly informative beta distribution of Beta(1,1) as prior distribution, required sample size of the full analysis set (FAS) was calculated as 31. 22 Numerical simulation with 10 000 iterations showed type-I and type-II error rates of 18.9% and 15.3%, respectively. Full analysis set was defined to include patients who accomplished induction PCE therapy within the protocoldefined dose reduction criteria and who were treated with CDDP-based CRT at least once. Considering that a few patients might not meet FAS criteria, we enrolled 4-5 additional patients. When the number of patients meeting the FAS criteria exceeded 31, the same decision criteria for declaring efficacy was planned to be used.
| RESULTS

| Patients and disease characteristics
From July 2014 to July 2017, 35 eligible patients were accrued from 5 sites (32 males and 3 females; median age 63 years). Characteristics and stage distribution are listed in Table 1 and Figure S1 , respectively. All patients had neck lymph node involvement with low neck N2b, and N2c or worse. The most common primary site was the oropharynx and larynx (both 49%, 17/35). p16 staining as a surrogate for human papilloma virus (HPV) was reported as an addendum to pathology reports from patient specimens. Nine (53%) of 17 patients tested positive. A total of 32 patients (91.4%) were current drinkers and 30 (85.7%) had a history of tobacco use, of whom 90% had a ≥10 pack-year smoking history. Accordingly, at least 88% of oropharyngeal cancer patients among FAS cases (14/16 patients) were considered either intermediate-or high-risk populations, as defined by the Radiation Therapy Oncology Group (RTOG) 0129 criterion 23 ( Figure S2 ). All patients underwent prophylactic percutaneous endoscopic gastrostomy feeding tube placement before starting CRT.
| Treatment and CRT completion rate
All 35 enrolled patients proceeded to IC (safety population; SP) ( Figure 1 ). Of 35 SP patients, 34 completed IC. One discontinued IC due to prolonged grade 2 serum alanine aminotransferase (ALT) elevation. A majority of the patients received the full course of induction PCE as planned per protocol in terms of the number of drug administrations and dose intensity (Table S1 ). Three patients (8.6%) received G-CSF support after omission of treatment due to neutropenia in a prior cycle. Two of 34 patients who completed IC did not start CRT, one each due to disturbed performance status caused by disease progression and peritonitis related to placement of the PEG. In total, 32 received CRT (FAS).
In FAS, mean cumulative dose and RDI of CDDP during CRT was 232.5 mg/m 2 (range: 160-240 mg/m 2 ) and 100% (range: 66.7%-100%), respectively ( Table 2 ). Only one patient did not receive CDDP above 200 mg/m 2 due to grade 3 mucositis and impaired PS from 0 to 2. The remaining patient omitted radiotherapy on 1 day due to mucosal infection. All was 99.9%, which exceeded the prespecified cutoff value of 84%, and the primary objective of this study was therefore met ( Table 2 ).
| Treatment outcomes
Efficacy data are listed in (Figure 2 ; prognosis data of SP are presented in Figure   S3 ). In survival analyses according to oropharyngeal primary vs others, p16 status among oropharyngeal cancer patients and CR vs good PR showed no statistically significant difference in clinical outcomes (Figure 3 ). At data cut-off, 16 patients had disease progression, including locoregional site disease only (n = 11), distant metastatic disease (n = 3), or both (n = 2) ( Figure S4 ). Among them, one patient who did not achieve CR or good PR at the time of CRT completion received R0 salvage surgery as protocol treatment, and the other five received off-protocol salvage surgery for late locoregional recurrence. Accordingly, six (37.5%) of the 16 patients received salvage surgery with curative intent because of the absence of distant metastasis (DM): five received salvage neck dissection for cervical node disease and one received salvage laryngectomy for local recurrence of hypopharyngeal cancer. Systemic chemotherapy was carried out in nine patients as first-line treatment for disease progression, all of which were off-protocol. 
| Toxicity
Overall toxicities during IC and CRT are listed in Tables  4 and 5 , respectively. The most common grade 3 toxicity during IC was neutropenia (11.4%), followed by leukopenia (8.6%), rash (5.7%), and anemia (5.7%). During CRT, the most common grade 3 toxicities were mucositis (31.3%), radiation dermatitis (12.5%), neutropenia (12.5%), leukopenia (12.5%), and dysphagia (9.4%). There were no instances of febrile neutropenia (FN), and no grade 4 toxicity or treatment-related death. Total frequency of grade 3 or more toxicity was 14.2% in IC and 43.6% in CRT. Late toxicity was evaluable in 29 cases, and median time from completion of treatment to evaluation was 12 months (range: 6-29). The most common late toxicities were dry mouth (72.4%) and dysgeusia (51.7%), but most of these were grade 1 or 2. Total frequency of grade 3 or more late toxicity was 10.3% (Table S2 ).
| DISCUSSION
This phase II trial evaluated induction PCE and concurrent CRT with CDDP as per study design in a heterogeneous group of patients with unresectable LA-SCCHN. Results showed the high feasibility of subsequent therapy, represented by a %CRT completion of 96.9%. In addition, considerable efficacy was seen, with a %CR at CRT completion of 78.1% and 3-year OS of 83.5% in a patient population harboring far-advanced disease with a heavy smoking and drinking history. The question of whether TPF followed by concurrent CRT with CDDP can be safely administered with assured compliance has been discussed. The prospective phase II, single-arm Southwest Oncology Group study (S0216) treated 74 LA-SCCHN patients with two cycles of induction TPF, followed by concurrent CRT with CDDP 100 mg/m 2 on days 1 and 22. 24 Although IC was added prior to CRT, 96.9% achieved more than 200 mg/m 2 CDDP during CRT, which was considered an appropriate cumulative dose to show a significant survival benefit compared with RT alone independent of CDDP schedule. 26, 27 Very recently, Haddad et al reported a phase II clinical trial with randomization to PCE and combination of Cmab and TPF (C-TPF), followed by treatment at the local physician's discretion in patients with LA-HNSCC. 28 Mean RDI during PCE in their study was similar to that in our present study (Table S1) , with manageable toxicities and no treatment-related deaths. Moreover the number of patients who received CRT with CDDP as post-IC local therapy (n = 15, not as per study design) was significantly higher in the PCE versus C-TPF arm (52% vs 20%; P = .001), suggesting increased toxicity with CDDP and RT in the post-TPF setting. Additionally, unexpected RT omission and accompanying prolongation of radiation treatment time, which negatively affect local control and survival in patients treated with CRT, 29 were observed in only one patient and by one day. As CRT is the standard therapy for unresectable LA-SCCHN and increases cure rates compared with RT alone, preservation of the intended treatment plan and the ability to receive sufficient CDDP and a full dose of RT should help maximize favorable outcomes. Given this, the current PCE regimen followed by CRT with CDDP is a well-balanced treatment.
Although induction PCE was less toxic than TPF and the patients had far advanced disease, response to IC (ORR 88.6%) was preserved; RR to TPF in TAX 323 and TAX 324 was 68% and 72%, respectively. Furthermore, the 3-year OS of 83.5% is a promising result for an unresectable LA-SCCHN population; 2-year OS in the TPF arm in TAX 323 and 3-year OS to the CRT with CDDP (without prior IC) arm in the Adelstein study was 43% and 37%, respectively. 2, 9 The appearance of DM after definitive CRT in LA-SCCHN is almost invariably fatal: the overall 5-year survival rate for patients who developed DM after CRT is 0% vs 51.6% for patients without DM. 30 Induction chemotherapy in patients with a high risk of DM appear to gain certain benefits from the sequential CRT approach, since IC offers theoretical benefits with the potential to reduce the risk of distant metastases by eradication of micrometastatic disease, which can confer a survival benefit. This 30 which therefore also supports this assumption.
In contrast to tobacco-related squamous cancers, the prognosis of HPV-related cancers is favorable irrespective of the fundamental treatment approach. 23, [34] [35] [36] According to the RTOG 0129 criterion, which is based on the TNM classification and smoking status of LA-SCCHN patients treated with CRT with high-dose CDDP (100 mg/m 2 on days 1, 22, and 43) alone, 23 at least 88% (14/16) of oropharyngeal cancers of the FAS cases were considered to represent either an intermediate or high-risk population due to their heavy smoking and advanced nodal status. Given that their 3-year OS was expected to range from 46.2% to 70.3% when treated with CRT alone, the addition of induction PCE prior to CRT with CDDP might improve prognosis in these high-risk oropharyngeal cancer patients (2- year OS in the oropharyngeal cancer group: 85.6% in Figure  3A) . Additionally, many patients in our study were active drinkers (87.5%, 28/32 of FAS cases), which is also associated with poor survival among SCCHN patients treated CRT. 37 This also indicates that our enrolled patients were definitely at high risk for cancer death when treated with CRT alone, and accordingly represent a patient population who need additional treatment, herein IC.
We evaluated the significance of "good PR" to avoid unnecessary additional therapy after the completion of CRT. In a phase II study of the efficacy and safety of CRT with CDDP plus S-1 in patients with unresectable LA-SCCHN, patients who achieved CR or good PR had significantly better survival than those who did not. 38 Although our present study saw no statistically significant difference between CR and good PR in terms of survival, this was a subgroup analysis in a small number of enrolled patients. It should therefore be evaluated with particular care, and warrants further investigation.
| CONCLUSION
In this phase II trial, we found that PCE as IC was feasible and had no effect on compliance of subsequent CRT with CDDP. This in turn suggests that this well-balanced strategy provides considerable efficacy and encouraging survival in a patient population with far advanced and highly aggressive disease, including high-risk oropharyngeal cancer. We consider that these results indicate that induction PCE is a favorable alternative to induction TPF in daily clinical practice for patients with unresectable LA-SCCHN who require more aggressive treatment, herein sequential CRT.
